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Introduction
Annotation: 
This lesson is a classroom and lab session in which the students will be introduced to hand-operated equipment that is used to make bends in all types of conduit, including electrical metallic tubing (EMT), PVC, and rigid conduit. The lesson will conclude with a performance requirement in which the students will make a 90° bend and back-to-back bends in EMT using a hand bender. 

Grade(s): 
	X
	9th

	X
	10th

	X
	11th

	X
	12th


Time:  



15 hours
Author: 


Kevin Ward
Additional Author(s): 

Students with Disabilities:
For students with disabilities, the instructor should refer to the student's IEP to be sure that the accommodations specified are being provided. Instructors should also familiarize themselves with the provisions of Behavior Intervention Plans that may be part of a student's IEP. Frequent consultation with a student's special education instructor will be beneficial in providing appropriate differentiation.

Focus Standards

GPS Focus Standards: 
ACT-E1-2. Students will use tools, instruments, and equipment in a professional 

and safe manner. 

a. Demonstrate 90 degree bends, back-to-back bends, offsets, kicks, and 

saddle bends using a hand bender. 

b. Demonstrate correct application of fasteners and anchors. 

c. Demonstrate proper use of a multi-meter, clamp-on ammeter, and 

megohmmeter. 

d. Demonstrate the knowledge of testing GFCI.

GPS Academic Standards:
MM1A1. Students will explore and interpret the characteristics of functions, using graphs, tables, and simple algebraic techniques. 

MMA2. Students will simplify and operate with radical expressions, polynomials, and rational expressions. 

MM1A3. Students will solve simple equations. 

MM1G1. Students will investigate properties of geometric figures in the coordinate plan 

SSCG15. The student will explain the functions of the departments and agencies of the federal bureaucracy. 

SP2. Students will evaluate the significance of energy in understanding the structure of matter and the universe.

National / Local Standards / Industry / ISTE:
Understandings & Goals

Enduring Understandings: 
· Students will understand how to properly and safely use electrical hand tools.
· Students will understand the safety precautions involved in operating hand tools.
· Students will understand the different procedures in bending different kinds of pipe.
Essential Questions: 

· What are the different kinds of electrical conduit?
· What are the proper safety guidelines to bending electrical conduit?
· Why are different kinds of electrical conduit used ?
Knowledge from this Unit:  
· Students will know how to bend electrical conduit for use in buildings.
· Students will have a basic knowledge of the different types of conduit and their purpose.
· Students will be able to explain the different types and uses of electrical conduit.
Skills from this Unit:  
1. Identify various types of hand bending equipment and on what type of conduit it is used.

2. Apply basic geometric rules in making 90° bends in conduit.

3. Make a single 90° bend in EMT.

4. Make back-to-back 90° bends in EMT.




Assessment(s)
Assessment Method Type: Select one or more of the following. Please consider the type(s) of differentiated instruction you will be using in the classroom. 
	
	Pre-test

	
	Objective assessment - multiple-choice, true- false, etc.

	
	__ Quizzes/Tests

__ Unit test

	
	Group project

	
	Individual project

	
	Self-assessment - May include practice quizzes, games, simulations, checklists, etc.

	
	__ Self-check rubrics   

__ Self-check during writing/planning process

__ Journal reflections on concepts, personal experiences and impact on one’s life

__ Reflect on evaluations of work from teachers, business partners, and competition judges

__ Academic prompts

__ Practice quizzes/tests

	
	Subjective assessment/Informal observations

	
	__ Essay tests

__ Observe students working with partners

__ Observe students role playing

	
	Peer-assessment  

	
	__ Peer editing & commentary of products/projects/presentations using rubrics

__ Peer editing and/or critiquing

	
	Dialogue and Discussion

	
	__ Student/teacher conferences
__ Partner and small group discussions

__ Whole group discussions
__ Interaction with/feedback from community members/speakers and business partners

	
	Constructed Responses

	
	__ Chart good reading/writing/listening/speaking habits

__ Application of skills to real-life situations/scenarios

	
	Post-test


Assessment(s) Title:

· Module Review Questions 1 - 6

· CONTREN Connect Active Figures 6 and 8

Assessment(s) Description/Directions:
Have the students answer Review Questions 1 thru 6 for Sections 1.0.0 – 2.4.0. Provide correct answers and remediation at the end of the quiz.
Have the students complete Active Figures 6 and 8.
Students must make an acceptable 90° bend and back-to-back 90° bends in ½" EMT using a hand bender. This can be done during the presentation of Slides 10 and 12 or at the end of the lesson. This partially satisfies Performance Task 1.
Review the objectives to be covered in this lesson.  Ask the students if they have any questions.
Emphasize safe work practices (safety glasses/goggles and gloves).
Demonstrate how to bend a box offset and a 6" offset. Connect the box offset to a setscrew fitting on a mounted box.
Have each student to bend a box offset and a 6" offset.
Explain how to calculate conduit shrinkage and how it must be applied when bending offsets (or any bend) to reduce the amount of scrap conduit created by cutting off excess lengths.
Introduce offset bends in parallel runs of conduit.
Discuss offset factors.
Support presentation with photos of both quality and substandard offset bends in parallel runs of conduit.
Lay out three sections of ½" conduit and explain how to find the center of the first bend.
Find the centerline of each of the other conduits in the parallel run.
Explain the math required for placing the bending marks at the correct locations on the conduit.

Mark the conduit and make the bends. 

Work with the students in groups to create offsets in parallel runs of conduit.

Explain how a three-bend saddle is the best type of bend to use when a small obstruction such as a pipe lies in the path of a proposed conduit run.

Explain that when creating a three-bend saddle in ½" EMT the center of the saddle shortens by 3/16" for every inch of saddle depth. 

Measure and mark a section of ½" EMT at the locations where the three bends will take place.

Show the students how to place the bender and make the bends.

Have each student create a three-bend saddle.

Use a 6" x 8" block of wood to demonstrate that a three-bend saddle won’t work to clear a large obstruction.

Explain to the students that two 30° back-to-back offsets will be used to create the four-bend saddle needed to clear the obstacle.

Show the students how to measure and mark the ½" EMT in preparation for making a four-bend saddle to clear the 6" x 8" obstacle. 

Demonstrate the four bends in the proper sequence. 

Have each student complete a four-bend saddle in a piece of ½" EMT.

Emphasize safe work practices (safety glasses/goggles and gloves).

Demonstrate how to properly install a hacksaw blade, with the teeth slanting forward.

Demonstrate how to cut RMC using a hacksaw.

Have students cut RMC first using a hacksaw with a 32 teeth/inch blade and then a 24 teeth/inch blade. Discuss their findings.

Demonstrate how to use a pipe cutter to cut RMC. Point out that it is important to oil the threader.

Have the students secure RMC in a pipe vise and cut it using a pipe cutter.

Emphasize the potential hazards associated with using a spiral-cut pipe reamer on rotating pipe.

Demonstrate how to ream RMC using a hand reamer.

Have the students hand ream RMC

Demonstrate safe RMC threading.

Have each student thread at least one end of RMC.

Demonstrate how to cut and join PVC conduit.

Have each student cut and join two pieces of PVC conduit.

Attachments for Assessment(s): Please list.

Learning Experiences
Instructional planning: Include lessons, activities and other learning experiences in this section with a brief description of the activities to ensure student acquisition of the knowledge and skills addressed in the standards. Complete the sequence of instruction for each lesson/task in the unit. 
Sequence of Instruction

1.  Identify the Standards. Standards should be posted in the classroom for each lesson.

ACT-E1-2. Students will use tools, instruments, and equipment in a professional 

and safe manner. 

a. Demonstrate 90 degree bends, back-to-back bends, offsets, kicks, and 

saddle bends using a hand bender. 

b. Demonstrate correct application of fasteners and anchors. 

c. Demonstrate proper use of a multi-meter, clamp-on ammeter, and 

megohmmeter. 

d. Demonstrate the knowledge of testing GFCI.


2.  Review Essential Questions.

· What are the different kinds of electrical conduit?
· What are the proper safety guidelines to bending electrical conduit?
· Why are different kinds of electrical conduit used ?

3.  Identify and review the unit vocabulary. 


4.  Assessment Activity.
· Explain that students must obtain a score of 70% on the Module Exam and perform certain tasks to the satisfaction of the instructor to receive credit for the module.

· Tell the students that safe work practices will be complied with during any of the lab or hands-on assignments, including safety glasses, goggles when necessary, and work gloves.

· Point out that good bending techniques avoid waste and simplify conductor installation.

· Introduce EMT hand benders.

· Show the students how each bender size is designed for a specific EMT size by placing an EMT sample into the bending head.

· Explain that it is important to use the correct size bender for the conduit to prevent conduit kinking or creasing.

· Use a ½" bender and a piece of ½" EMT to demonstrate a bend.

· Explain that a hickey bender is designed for bending rigid metal conduit or intermediate metal conduit.

· Show samples of RMC and IMC, and explain the difference between the two types.

· Demonstrate how to bend conduit using a hickey.

· Have the students practice making hickey bends.

· Demonstrate how to bend PVC conduit using a PVC heating unit.

· Explain to students that if a heating unit is not available, PVC conduit can be bent using a propane hand torch, but this requires practice in order to prevent conduit from burning and/or kinking.

· At the discretion of the instructor, students may practice bending PVC, but only under strict supervision and safe work practices.

· Demonstrate the use of PVC bending plugs, if available.

· Explain that plug sets are typically used for bending PVC conduit that is 2 inches in diameter or larger. 

· Define the three sides of a 90° triangle using a plastic triangle.

· Explain the formula for finding the circumference of a circle.

· Have the students practice finding the circumference of a circle based on different radii and diameter measurements.

· Demonstrate how to make a 90° bend in ½" EMT using a hand bender.

· Have each student measure, mark, and bend a 90° bend in a section of ½" EMT.

· Go over the gain table with the students and explain how it is used to obtain an exact stub length.

· Demonstrate how to cut a piece of ½" EMT and make a 90° bend using the hand bender so that the measurement of the stub length is 12 inches ± ½-inch. 

· Discuss the situations in which back-to-back 90° bends might be used.

· Demonstrate how to make back-to-back 90° bends.

· Have each student practice making back-to-back 90° bends.

Attachments for Learning Experiences: Please list.
Notes & Reflections: 
Additional Resources 

· Tom Henry’s Conduit Bending Package. Winter Park, FL: Code Electrical Classes, Inc.

· Performance Projects: Job Sheets for the Electrical Industry, Level One, New York: Prentice Hall.

· Contren Connect Electrical 1 Annotated Instructors Guide (available from NCCER).


Culminating Performance Task (Optional)
Culminating Unit Performance Task Title:  
Culminating Unit Performance Task Description/Directions/Differentiated Instruction: 
 
Attachments for Culminating Performance Task: Please list.

Unit Resources 
Web Resources:
Attachment(s): Supplemental files not listed in assessment, learning experiences, and performance task.
Materials & Equipment: 
What 21st Century Technology was used in this unit:
Top of Form

	
	Slide Show Software
	
	Graphing Software
	
	Audio File(s)

	
	Interactive Whiteboard
	
	Calculator
	
	Graphic Organizer

	
	Student Response System
	
	Desktop Publishing 
	
	Image File(s)

	
	Web Design Software
	
	Blog
	
	Video

	
	Animation Software
	
	Wiki
	
	Electronic Game or Puzzle Maker

	
	Email
	
	Website
	
	


Bottom of Form
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